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A B S T R A C T
This study was designed to define the most suitable anthropometric technique among body mass index (BMI), waist
circumference (WC) and waist-hip ratio (WHR) as indices of obesity in adult people living in Adana, a Southern province
of Turkey. A random sample design was used. A total of 900 individuals (men and non-pregnant women aged 25–65
years) were enrolled in the study. Of subjects, 50.9% were females. Anthropometric measurements were performed. Data
were analysed using statistical package program. The prevalence of obesity among adults living in Adana was 20.8%
28.4% when defined using BMI, 30.5% by WC and 15.8% 42.0% by WHR. Truncal obesity and gynoid obesity showed
similar prevalence with 26.6%, in the same age group. Waist circumference, BMI and WHR identified different propor-
tions of the population, as measured for obesity prevalence. The most common methods for diagnosing overweight and
obesity are based on BMI (kg/m2). However, BMI is suboptimal marker for total body fat percentage and even less suitable
to assess body fat distribution. WHR is the most useful measure of obesity and the best simple anthropometric index in
predicting a wide range of risk factors and related health conditions.
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Introduction
Obesity is a common chronic health problem which
contributes significantly to morbidity as well as overall
mortality. The prevalence of obesity in some low income
countries is as high as, or even higher than, the preva-
lence reported in developed countries, and it seems to be
rapidly increasing1. There is considerable evidence that
overweight and obesity have emerged as epidemics in de-
veloped countries since 1980s2. In most countries, the
prevalence of obesity is higher in women than in men,
and in urban areas than in rural1. It is estimated that
there are 250 million people with body mass index (BMI)
³30 in the world which is 7% of world population3. The
strongest evidence that obesity has an adverse effect on
health comes from population-based prevalence (cross-
-sectional) and incidence (longitudinal) studies4. Because
of its importance to health, body composition is com-
monly investigated in epidemiologic, clinical and popula-
tion studies. Therefore, reliable methods for measure-
ment of body fat and fat distribution are important.
During the past decade, investigators have emphasized
the accuracy of newer techniques, such as dual-energy
x-ray absorptiometry, magnetic resonance imaging, and
computed tomography, for measuring body composition;
nevertheless, anthropometry is the most widely used
method, and it has recently been used to estimate fat
distribution5,6. The distinct advantages of anthropomet-
ric methods are that they are portable, non-invasive, in-
expensive, and useful in field studies, and there is a sub-
stantial literature available on the subject7. Although
precise and sophisticated techniques for measuring body
fat distribution are available, they are generally not ap-
propriate except for specific research settings8,9. Simple
anthropometric measurements have been used as surro-
gate measurements of obesity and have more practical
value in both clinical practice and for large-scale epide-
miological studies.
Body mass index, which relates weight to height, is
the most widely used and simple measure of body size,
and is frequently used to estimate the prevalence of obe-
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sity within a population. High BMI has been found to be
consistently associated with an increased risk of cardio-
vascular disease (CVD) and type 2 diabetes, yet this mea-
surement does not account for variation in body fat dis-
tribution and abdominal fat mass, which can differ
greatly among populations and can vary substantially
within a narrow range of BMI10,11. Several studies in
adults have reported a strong positive association be-
tween cardiovascular risk factors such as hypertension,
lipid and glucose concentrations and abdominal adiposity
(measured by WC and WHR) than overall adiposity
(measured by BMI)12,13 although high BMI has also been
reported as being one of the most important risk factors
for type 2 diabetes14–21. Thus, measurements of waist cir-
cumference (WC) and waist-hip ratio (WHR) have been
viewed as alternatives to BMI, with both measures regu-
larly used in the clinical and research settings. Waist cir-
cumference has been shown to be the best simple mea-
sure of both intra-abdominal fat mass and total fat22,23.
Despite the fact that a close relationship is apparent be-
tween abdominal adiposity and risk of CVD, the current
WC cut-off points suggested by the World Health Organi-
zation (WHO) are not based on associations with CVD
risk factors, but rather on their correlation with corre-
sponding values of BMI11,24.
It is important to differentiate pathological obesity
from simple obesity. The incidence of obesity-related car-
diovascular and metabolic diseases is more frequently as-
sociated with upper-body obesity than lower-body obe-
sity25–27. Previously, it was assumed that these two types
could be differentiated using WHR, but it turned out that
WC is a more appropriate indicator28,29,30. However, there
is no consensus about the best cut-off points to be used
for identifying individuals at risk. Some investigators
suggested to use two cut-off points for each gender based
on established cut-off points for BMI: a WC >94 cm
(level 1; overweight, BMI >25 kg/m2) and >102 cm (level
2; obese, BMI >30 kg/m2) in men and for women >80
and >88 cm, respectively28. Others proposed WC >100
cm for adults 40 years and WC >90 cm for adults >40
years, for both men and women15.
The aim of this study is to explore the appropriate-
ness, feasibility and validation of the methods used in
measuring and rating obesity, the related sociodemo-
graphic determinants, the advantages and disadvantages
of different measurement techniques in an adult popula-
tion in Adana, southern province of Turkey in 2003.
Materials and Methods
Sample
Our population was Adana city population. The sam-
ple size was calculated using PEPI31. The total popula-
tion of Adana was 1.849.478. The maximum acceptable
difference was set as 5% with a design effect as 2. A total
of 3 clusters (low, intermediate and high income groups)
with 300 persons (900 total) in each cluster and an esti-
mated true rate at 30% provided a 95% confidence inter-
val.
This study is a cross-sectional home-based survey.
Sampling procedure was as follows: First, areas of enu-
meration districts of the population census were ran-
domly selected. Then, identification of dwellings was per-
formed. Only 25–65 years old men and non-pregnant
women were interviewed by two medical students from
the sixth grade and a family medicine resident. Inter-
views were performed at home using a questionnaire
form. Sociodemographic details, personal and family me-
dical histories were recorded. Anthropometric measure-
ments were performed using the Monica Manual32. Non-
response/refusal rates underwent statistical adjustment
by using appropriate sampling weights.
Informed consent was obtained after the procedures
had been fully explained to participants. Ethic Commit-
tee of Faculty of Medicine, Cukurova University ap-
proved the study.
Height and weight measurements
Heights of the participants were measured to the
nearest half centimeter. The subject was asked to remove
shoes and stand with his/her back to the rule. The back
of head, back, buttocks, calves and heels touched the up-
right. The head was positioned so that the top of the ex-
ternal auditory meatus was in the same level with the in-
ferior margin of the bony orbit. Weight was measured to
the nearest tenth of a kilogram. The subject was asked to
remove shoes and was lightly dressed only. Obesity was
assessed using BMI formula (BMI=weight/height2 [kg/m2]);
underweight <18.5 kg/m2; normal=18.5–24.9 kg/m2;
overweight=25.0–29.9 kg/m2; obese ³30.0 kg/m2).
Measuring waist and hip circumference
The subject was asked to stand with feet 12–15 cm
apart, weight equally distributed on each leg and to
breathe normally. The observer either sat or knelt in
front of the subject to place the tape. The waist girth was
measured at the mid-point between the iliac crest and
the lower margin of the ribs. The hip girth was recorded
as the maximum circumference around the buttocks pos-
teriorly and anteriorly by the symphysis pubis. Measure-
ments were taken to the nearest 0.5 cm. For each of waist
and hip circumference, two measurements to the nearest
0.5 cm were recorded. If the variation between two mea-
surements was greater than 2 cm, a third measurement
was taken. The mean of the two closest measurements
was accepted.
WC94 cm in males was accepted as overweight,
whereas WC 102 cm as obese; (80 cm and 88 cm in fe-
males, respectively). WHR was obtained by dividing the
mean waist circumference by the mean hip circumfer-
ence. WHR ³1.0 in males was accepted as overweight,
whereas WHR  0.95 as obese; (³0.85 and ³0.80 in fe-
males, respectively).
Quality control
All members of the survey team were trained in all
measurements. Visual quality control was a continuous
part of the field work. Retraining and examining of sur-
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vey team members were performed on a weekly basis.
Completed questionnaires were checked for illegible an-
swers and unanswered questions, before leaving an area.
Statistics
Data were analysed using a statistical package pro-
gram. Pearson chi-square, Student’s t, ANOVA and Mann-
-Whitney U-Wilcoxon rank sum tests were used. One-way
variance analysis and multiple regression analysis were
performed. Correlation coefficients between BMI, WC or
WHR and the selected continuous variables were com-
puted. Statistical significance between differences in cat-
egoric variables and BMI, WC or WHR were evaluated by
Student’s t test. Continuous variables were evaluated by
the Pearson’s product moment correlation coefficients.
Difference of independent samples was assessed by both
the unpaired t test (equality of variances was addition-
ally tested) and by the Mann-Whitney U-Wilcoxon rank
sum test.
Results
Sociodemographic features of subjects are presented
in Table 1. The majority of subjects were married (90.6%).
Of subjects, 36.7% were primary school graduates. As ed-
ucational status improved, percentage of obesity in fe-
males decreased (p=0.001). The obesity prevalence ac-
cording to BMI was 28.4%. Of subjects, 38.3% (n=345)
were overweight. Male and female obesity was 19.0%
(n=84) and 37.6% (n=172), respectively. Obesity was
higher in subjects with older age till 55–65 years of age.
In 55–65 years of age rate of obesity decreased. There
was significant relationship between obesity and age
groups (p=0.001). Obesity was more frequent in married
subjects than singles (p=0.001), in subjects with lower
educational and socioeconomic status than the ones with
higher (p=0.002, p=0.001, respectively). No significant
relationship could be found between ethnicity and obe-
sity measured by BMI (p>0.05). According to WC, the
majority were in the normal group (48.3%). The percent-
ages according to WHR were 58.0% and 42.0% for the
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TABLE 1





n %* N %* N %**
Age groups
(years)
25–29 97 54.8 80 45.2 177 19.7
30–34 72 48.0 78 52.0 150 16.7
35–39 84 59.6 57 40.4 141 15.7
40–44 67 47.2 75 52.8 142 15.8
45–49 69 54.3 58 45.7 127 14.1
50–54 45 42.5 61 57.5 106 11.8
55–59 12 38.7 19 61.3 31 3.4
60–65 12 46.2 14 53.8 26 2.9
Socioeconomic
status
Low 149 49.3 153 50.7 302 33.6
Intermediate 154 51.2 147 48.8 301 33.4
High 155 52.2 142 47.8 297 33.0
Educational
status
Illiterate 137 83.5 27 16.5 164 18.2
Rudimentary writing/reading skills 26 52.0 24 48.0 50 5.6
Primary school 146 44.2 184 55.8 330 36.7
Secondary school 28 35.9 50 64.1 78 8.7
High school 78 47.6 86 52.4 164 18.2
University 43 37.7 71 62.3 114 12.6
Marital status Married 398 48.8 417 51.2 815 90.6
Single 23 51.1 22 48.9 45 5.0
Divorced/widowed 37 92.5 3 7.5 40 4.4
Ethnicity Turkish 294 50.9 284 49.1 578 64.2
Kurdish 123 49.2 127 50.8 250 27.8
Eti Turks 41 56.9 31 43.1 72 8.0
*row percentage, **column percentage
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normal and obese people, respectively (Table 2). Obesity
was more frequent in females than males according to
BMI, WC and WHR (p=0.001, Table 2).
Discussion
Obesity and sociodemographic details
Obesity and overweight are increasing in Turkey33.
The overall prevalence of obesity in adults was 18.6% in
1990. Ten years later, the prevalence was 21.9%, which
shows a relative increase rate of 17.7%. As it is true for
most of the countries, overweight is more common in
men and obesity in women in Turkey33. The prevalence
of overweight is higher in males than females and it is
higher than the rate for overall Turkey (51.0% vs.
15.1%)34. In this study, it is possible that the same factors
such as older age, female gender, lower educational and
socioeconomic status affected obesity.
Methods (techniques) of measurement
The data reported here suggested that there is a pro-
gressive increase in weight, and therefore in BMI, in
both men and women up to 50 years of age, with women
with a higher mean of BMI. The increase is particularly
in the 20–29 years of age, amounting to 5–6 kgs in men
and 6–7 kgs in women. In our study, obesity prevalence
measured by WHR was found to be higher than that by
BMI and WC. The reason may be due to comprehensive-
ness of WHR including android type of obesity. Our re-
sults are similar to those of 19 countries in WHO MO-
NICA study phase 2 (1987–1992) (WC³102 cm in males,
³88 cm in females)15,16.
A central distribution of body fat, indicated by a high
WHR, has been shown to be associated with other risk
factors, many chronic diseases (e.g., hypertension, car-
diovascular disease, non-insulin-dependent diabetes, stro-
ke) and mortality35. However, it suffers from serious limi-
tations in relation to its use in statistical analyses and
the interpretation of the results36–39. More recently, it has
been argued that WC alone might convey equally valid
information as WHR and BMI in measuring abdominal
fat and be at least as strongly associated as with other
risk factors17,24,40. If this were the case, the use of this
single measurement would simplify the interpretation of
epidemiological data as well as the public health recom-
mendations relating to weight management.
Although BMI and WC are highly correlated, there
were large differences in the prevalence estimates of
overweight and obesity defined by BMI in comparison
with those defined by waist action levels. The differences
in the prevalence produced by the two techniques were
smallest for obesity in men. This may be affected by the
fact that waist action levels are defined separately for
men and women but the recommendation based on BMI
is the same for men and women. To determine the appli-
cability of the waist action levels in identifying subjects
with overweight or obesity, even other criteria than sen-
sitivity and specificity in relation to BMI and WHR can
be applied41. One such criteria is the relation of the waist
action levels to morbidity and mortality. Currently, no
prospective studies using these specific cut-off points for
WC have been published in the literature. Moreover, the
relationship between obesity and health outcomes can be
modified by other factors such as lifestyle, genetic predis-
position, and comorbidity in the population. Therefore,
the interpretation of WC in different populations may be
different. Further data in each population on the effects
of fat storage in specific regions of the body on health are
needed before the applicability of a single measure. Lean
et al.24 have suggested two action levels for WC based on
BMI and WHR. According to their results, men with WC
³94 cm and women with WC ³80 cm should gain no fur-
ther weight (waist action level 1), and men with WC ³102
cm and women with WC ³88 cm should reduce their
weight (waist action level 2). These action levels have
been tested in British24 and Dutch40 populations in which
very high sensitivities and specificities, in relation to
cut-off points based on BMI and WHR, were observed.
However, in the lean population of Hong Kong Chinese,
for example, Ko et al.42 observed a very low sensitivity of
waist action level 1. The applicability of the proposed ac-
tion levels in other populations remains to be shown.
The prevalence of overweight varied considerably
among populations whether defined by WC (³94 cm for
men, ³80 cm for women) or by BMI (25–29.9 kg/m2 for
both men and women). In men, especially, the difference
between the prevalences using the two techniques in sev-
eral populations was 20% or more, with BMI giving
higher prevalences of overweight than WC. In women,
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TABLE 2
OBESITY ACCORDING TO BODY MASS INDEX, WAIST CIRCUMFERENCE AND WAIST-HIP RATIO
Obesity
category
Body mass index Waist circumference Waist-hip ratio
Male Female Total Male Female Total Male Female Total
N %* n %* n %** N %* n %* N %** N %* n %* n %**
nonobese obese 358 81.0 286 62.4 644 71.6 393 88.9 221 48.3 614 68.2 364 82.4 158 34.5 522 58.0
Obese 84 19.0 172 37.6 256 28.4 49 11.1 237 51.7 286 31.8 78 17.6 300 65.5 378 42.0
Total 442 49.1 458 50.9 900 100 442 49.1 458 50.9 900 100 442 49.1 458 50.9 900 100
*row percentage, **column percentage
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the two techniques gave more consistent results, with
the maximum difference of 10%. Furthermore, in women,
there was no consistency regarding which of the two tech-
niques gave a higher prevalence of overweight24,40,42.
Body mass index
The definitions of overweight and obesity recom-
mended by the WHO (BMI>25 and 30 respectively) are a
result of the relationship between BMI with morbidity
and mortality outcomes11,43. BMI is the most frequently
used measure of obesity because of the robust nature of
the measurements of weight and height, and the wide-
spread use of these measurements in population health
surveys. However, BMI does not take into account the
proportion of weight related to increased muscle or the
distribution of excess fat within the body, both of which
affect the health risks associated with obesity. Individ-
uals with a similar BMI can vary considerably in their
abdominal-fat mass, with premenopausal women typi-
cally having half the abdominal-fat mass of men44. For
this reason, a measure of obesity that takes into account
the increased risk of obesity-related diseases because of
the accumulation of abdominal fat is not desirable.
Waist-hip-ratio
Waist-hip-ratio was previously acknowledged as the
clinically accepted method of identifying patients with
excess abdominal fat accumulation. However, more re-
cently, WC alone has been suggested as being a more
practical technique of intra-abdominal fat mass and total
body fat. Indeed, WC has been found in some studies to
be more closely correlated with the level of abdominal
visceral adipose tissue than is WHR45–47. Another reason
for superiority of WC over BMI is that for the Chinese in-
dividuals, who make up one quarter of the world’s popu-
lation, the cut-off points for BMI for detection of cardio-
vascular risk factors are lower than the criteria set by
WHO. The best evidence was provided by Hwu et al.48
who found that postmenopausal Chinese women with ab-
dominal obesity carried a higher metabolic and cardio-
vascular risk than those without obesity and that it was
the WC rather than the BMI that predicted the risk in
those women. Although the BMI may be below 25, vis-
ceral fat may be increased; thus WC becomes particularly
important with people whose BMI is between 22 and
2949. In a comparison of the utility of various anthro-
pometric measures in identifying CVD risk factors in a
Hong Kong population, Ho et al. found that BMI and WC
proved most effective for men, while WC and WHR were
preferable for women48. Waist circumference may pro-
vide a useful index reflecting general and central obesity.
In order to identify true differences between the three
techniques in their ability to identify individuals at gre-
atest risk of CVD, a standardized method of comparison
needs to be used, rather than the conventionally used ar-
bitrary cut-off points for obesity. For this reason, the risk
of diabetes, hypertension and dyslipidaemia by obesity
status is based on quartiles of BMI, WC and WHR.
Measurement
For assessing the true differences in body girth mea-
surements among populations, it is crucial that the me-
thods are standardized across populations, as small dif-
ferences in the anatomical measurement levels can produce
very different results50. However, our evidence suggests
that WC alone may provide the best anthropometric cor-
relate of abdominal obesity. It has been shown to be the
anthropometric measure most consistently associated
with changes in abdominal, particularly visceral adipose
tissue over time or in response to weight loss interven-
tions in both male and female patients.
This is consistent with the notion that abdominal obe-
sity as reflected by WC and WHR is more directly related
to cardiovascular risks than overall obesity as indicated
by BMI. Furthermore, BMI cannot distinguish fat from
muscle mass, and hence risks tend to be overstated in
muscular athletes and understated in older persons who-
se muscle mass is replaced by fat to varying degrees51.
Despite being the most commonly used obesity index in
scientific publications and the index of choice by the
WHO, the International Association for the Study of
Obesity and the International Obesity Task Force, little
is known about BMI regarding its level of understanding,
use and awareness of the proposed cut-off values among
the general public52.
WHR may be an acceptable indicator in women as a
predictor of cardiovascular risks but its unique charac-
teristic of being a ratio of two changeable girth measure-
ments (waist and hip) can make its readings sometimes
misleading. For instance, one’s body weight can be dou-
bled without affecting one’s WHR if both the waist and
hip girths increase simultaneously at the same rate. Also,
people usually know their WC but are often ignorant
about their hip circumference. These drawbacks make
WHR of little value as a simple indicator of cardiovascu-
lar risks for the public. Although WC has been shown to
be highly correlated with the amount of visceral body fat
measured by computer tomography, it would be more
reasonable and direct to use cardiovascular events and
metabolic variables as the outcome measures in the se-
lection of anthropometric indices17,29. Waist circumfer-
ence has the advantage of being the simplest as it in-
volves only one measurement. Waist action levels of 94
cm for men and 80 cm for women based on an European
sample were proposed, and the WHO recommended that
a smaller WC of 90 cm for Asian men and the same WC of
80 cm for women should be adopted, although the sup-
porting data were not given24,52.
It is common clinical experience that hip measure-
ments in the severely obese are difficult and unreliable.
Both WC and particularly WHR suffer from measure-
ment errors. BMI measurement is simple and routine
and therefore appears to be more appropriate. WHR is
the most useful measure of obesity and the best simple
anthropometric index in predicting a wide range of risk
factors and related health conditions.
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Using WC for screening CVD risk factors needs pre-
liminary specific studies in different ages and in a popu-
lation of varied ethnic backgrounds.
Limitations
It should be noted that this study has primarily con-
cerned with the prevalence and anthropometric tech-
niques of obesity and suffers from a number of limita-
tions. First, a potential shortcoming of both the present
and earlier validations of the WC action levels is that
they derive from an ‘arbitrary definition’ of a raised
WHR (³0.95 males and ³0.8 females). These thresholds
for WHR were cited as representing an emerging consen-
sus from epidemiological investigations. The above WHR
thresholds appear reasonably robust in identifying high-
er levels of visceral adipose tissue in male subjects, but
substantial misclassification rates have been reported
among middle-aged and older females. The present study
did not consider markers of insulin resistance or im-
paired glucose tolerance within population in order to re-
fine metabolic risk estimation. Second, as our aim in this
study was to show only the prevalence and anthro-
pometric techniques of obesity in Adana, we are planning
to perform a future study about the ones with BMI <18.5
kg/m2 and between 25–29.9 kg/m2 and the contributing
nutritional factors and third, we would like to point out
that we have not explored a potential »gene dosage« in-
fluence versus environment.
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KOJA JE NAJBOLJA ANTROPOMETRIJSKA TEHNIKA ZA ODRE\IVANJE PRETILOSTI:
INDEKS TJELESNE MASE, OPSEG STRUKA ILI OMJER STRUK-BOKOVI?
S A @ E T A K
Ovo je istra`ivanje osmi{ljeno kako bi se utvrdilo koja je od antropometrijskih tehnika (indeks tjelesne mase (BMI),
opseg struka (WC) ili omjer struk-bokovi (WHR)) najprikladnija za odre|ivanje pretilosti kod odraslog stanovni{tva
Adane, ju`ne provincije u Turskoj.
Ispitanici su izabrani nasumi~nim odabirom. U ovo istra`ivanje bilo je uklju~eno ukupno 900 osoba (mu{karaca i
`ena koje nisu bile trudne, starosne dobi od 25 do 65 godina), od ~ega 50.9% `ena. Provedena su antropometrijska
mjerenja i analizirana statisti~kim programima. Prevalencija pretilosti kod odraslog stanovni{tva Adane iznosila je
20.8% 28.4% odre|ena pomo}u BMI-a, 30.5% pomo}u WC-a i 15.8% 42.0% pomo}u WHR-a. I trbu{ni i ginoidni tip
debljine pokazali su podjednaku prevalenciju od 26.6%, u istoj starosnoj skupini. Kori{tenjem razli~itih antropomet-
rijskih tehnika (WC, BMI i WHR) dobiveni su razli~iti udjeli pretilosti u populaciji. Iako je BMI (kg/m2) naj~e{}e ko-
ri{tena metoda za odre|ivanje prekomjerne tjelesne te`ine i pretilosti, ona nije optimalni pokazatelj udjela masti u
tijelu i jo{ je manje pogodna metoda za procjenu raspodjele tjelesne masti. Najkorisnija mjera za procjenu pretilosti i
najbolji jednostavni antropometrijski indeks za procjenu za procjenu {irokog spektra rizi~nih faktora i s njima pove-
zanih bolesti je omjer struk-bokovi (WHR).
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